Objective To determine the inter-observer agreement of a respiratory rate (RR) count on a child when assessed by three independent observers.
Design The RR of 169 children (age range: 3 days to 15 years) was measured by three independent observers over a 3-month period. The first RR was taken by different healthcare professionals (HCPs) from within the hospital using their own preferred method of measurement. A further count of RR was then taken by two observers from the research team simultaneously within 30 min of the first measurement, using the WHO-recommended method of measurement.
results 507 RR measurements were taken on 169 children. Median RR showed a 4 beats per minute (bpm) difference between the HCP (median RR 32 bpm) and the researchers (median RR 28 bpm). The 95% limits of agreement between the first measurement and second and third measurements were −10.2 to 17.7 bpm and −11.4 to 18.7 bpm, respectively. For simultaneous measurements, the 95% limits of agreement were −7.1 to 7.0 bpm. 81 children had a RR >95th centile for their age and an even poorer level of agreement was seen in these children than in those whose RR was within normal range. In only 27 of these 81 children (33%) did all three observers agree on the presence of a raised RR.
conclusions Inter-observer agreement for the measurement of RR in children is poor. The effect that this variation has on the clinical assessment and subsequent management of a child may be significant. These findings highlight the need for a robust review of our current measurement methods and interpretation of an important vital sign.
IntrODuctIOn
The measurement of a child's vital signs including heart rate, temperature, capillary refill and respiratory rate (RR) is routine practice to all those who attend emergency departments and paediatric assessment units. The National Institute for Health and Care Excellence also recommends that these signs are recorded for all children presenting with a fever. 1 RR is an important vital sign used in the initial and ongoing assessment of unwell children. 2 It can be used to assess a child's clinical status and as a predictor of serious deterioration. 3 It is also incorporated into early warning scoring systems, which are now used widely in paediatric clinical care and have been shown to accurately identify children who may be deteriorating. [4] [5] [6] [7] RR may be measured by observing abdominal or chest movements or by auscultation. Both methods have been shown to give similar results. 8 The current WHO standard for RR measurement is a count over a full minute by observing abdominal and chest movements. 9 However, in practice it is usual for a direct observation of respirations to take place for 15 seconds and then be multiplied by four, to save time. This method has been shown to lead to inaccuracies, and when compared with pneumogram measurements quadrupling a 15 second count showed up to 50% inaccuracy.
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What this study hopes to add?
► Inter-observer agreement in the measurement of respiratory rate in children is poor. ► The variability seen between healthcare professional's measurements in clinical practice and observers under research conditions highlights the inaccurate methods that are being employed. ► Increased variability in measurements exist when respiratory rates are raised potentially impacting on the recognition and identification of tachypnoea.
Open Access
Poor inter-observer agreement in the measurement of respiratory rate in children: a prospective observational study Open Access Convenient electronic devices exist for the measurement of the other vital signs including pulse, blood pressure, oxygen saturation and temperature. These provide accurate and prompt measures, which are easier to achieve and also take away some of the subjectivity. RR, however, remains a subjective assessment and even if full compliance with recommendations was achieved variability can still be expected. In children this variability may be higher than in adults as they may not be as cooperative during the measurement and their RR may also vary quickly between breaths. Devices for monitoring RR exist and have entered the commercial market, but there is currently no clinically validated device available that gives an accurate and rapid measurement in acute clinical practice.
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If high levels of inconsistencies in RR measurements exist, then this will call into question the reliability of such an important vital sign. It may also impact greatly on the child, their clinical assessment and accurate identification of possible deterioration. The aim of this study was to determine the degree of inter-observer agreement in RR measurements of children presenting to a tertiary children's hospital.
MethODs study design and setting
This study was a prospective observational study conducted at Sheffield Children's Hospital.
Participants and eligibility criteria
Children between the ages of 0-16 years with any clinical condition who had had their RR measured within the previous 30 minutes were recruited. All children were clinically stable on one of the hospital wards and had already had at least one RR measurement taken during their admission. Children were excluded if they were acutely unwell or had had any clinical intervention in the period between the initial RR measurement and the planned subsequent measurement. Participants were recruited between the months of August 2016 and October 2016.
sample size
The sample size was calculated based on a previous pilot study 12 using the statistical programme STATA v.14. To detect a bidirectional mean difference of ±2.0 breaths/ min with 90% power and a significance level of 5%, a sample size of 169 children was required. This was based on previously reported inter-observer limits of agreement in adults. 13 In total 169 children were recruited to the study. recruitment Participants were approached by members of the research team, and information was given to both parents and their child. There were no incentives offered to take part in the study. Data collection and procedure Each participant was assigned a unique identifying number based on the order that they were recruited. Data on the participants age, sex, presenting complaint and activity status (asleep/active/awake) at the time of both the measurements were collected. The first RR taken by the healthcare professional (HCP) (RR1) was noted and the HCP was then asked as to the method and timing period used for their measurement as well as their subjective assessment of the child's activity status at the time of their measurement. A further count of RR was then taken by two different observers simultaneously within 30 minutes of the first measurement, the activity status at the time of this second measurement was again noted. These observers were members of the research team and consisted of a Paediatric Doctor (RR2) and Paediatric Respiratory Physiologist (RR3). They measured the RR using the WHO-recommended method of measurement. 9 The third observer was added to the study in order to assess the agreement between simultaneous measurements. All observers were blinded to each of the others' measurements. statistical analysis The inter-observer agreement was assessed by BlandAltman analysis by calculating the mean difference between RR measurements with 95% limits of agreement (mean±SD of the difference). Intraclass correlation coefficients were not reported as they only estimate the degree of association and do not reveal information about the individual differences between measures. 14 15 To assess any significant difference between different groups a Fisher r-to-z transformation was performed and differences expressed as P values. All results were analysed using SPSS V.22.0 for Mac.
The inter-observer agreement was also assessed for those children with a normal RR and for those who had a RR >95th centile for their age, as defined by the resuscitation councils Advanced Paediatric Life Support guidelines (table 1) . 16 These centile values have recently been updated and reflect those suggested by recent research findings. 17 A child was classified as having a raised RR when one or more of the observers measured a RR at or above the 95th centile for their age.
results Participants A total of 507 RR measurements were taken on 169 children. Fifty-three per cent of the participants were men and the median age was 29 months. The youngest participant was 3 days and the oldest was 15 years and 11 months. The median time between the RR1 and RR2/RR3 measurements was 16 min (range: 1-30 min). Table 2 shows the patient characteristics and presenting complaint and (table 3) the age range of children studied.
Initial rr measurement
The initial RR was most often measured and recorded by a nurse (88%), who had varying levels of experience. Table 4 shows the breakdown of HCPs taking the first RR and table 5 shows the method of measurement that they used.
respiratory rates RR measurements ranged from 11 to 65 breaths/min. Figure 1 shows the variability between measurements for the three observers. RR1 had a median of 32 bpm (IQR: 24-40 bpm) RR2 a median of 28 bpm (IQR: 21-37 bpm) and RR3 a median of 28 bpm (IQR: 21-36 bpm). The RR for some individual subjects was highly variable. The largest difference in a subject's RR from a measurement taken simultaneously (RR 2 and RR3) was 14 bpm. Figure 2 shows the Bland-Altman plots for each of these. There was no significant difference observed in the pairwise agreements between measurements taken closer in time, within 0-10 min (49 children) and those taken further apart, within 20-30 min (69 children). With a mean difference of 3.7 and 95% limits of agreement of −9.9 to 17.4 for measurements taken closer in time and a mean difference of 3.6 and 95% limits of agreement −9.8 to 17.1 for those taken further apart (RR1-RR2 P=0.516, RR1-RR3 P=0.905). There was also no difference in agreement between measurements when stratifying for seniority of the HCP taking RR1.
Agreement between different observers
For 26 participants (15%), the subjective assessment of the child's activity status during the measurement was different between the first and second/third RR measurements. Children whose activity status remained the same (143 children) showed a mean difference of 3.8 with 95% limits of agreement of −11.4 to 19.0 and children Open Access whose activity status differed (26 children) showed a mean difference of 3.0 with 95% limits of agreement of −11.3 to 17.3. This was not a statistically significant difference (RR1-RR2 P=0.269, RR1-RR3 P=0.210).
Agreement between observers in children with rr >95th centile A total of 48% (81 children) of all the measurements would have been classified as being at or above the 95th centile for the child's age, 16 by one or more of the three observers. Of these children in only 33% (27 children) did all three observers agree that the RR would have been at or above the 95th centile. In 28% (15 children) the HCP (RR1) would not have classified the child as having a raised RR, but one or both of the other observers would have done. Notably, when comparing measurements between the researchers and the HCP, in these children the agreement was statistically significantly different from the children whose RR was classified as being within the normal range by all of the observers. This indicated that at higher RRs less agreement between measurements was seen. However, for simultaneous measurements, there Open Access was no significant difference observed. Table 6 shows the 95% limits of agreement for the different groups along with the P values indicating the significance in the difference in agreement. Figure 3 shows the associated BlandAltman plots.
DIscussIOn
This study has examined the inter-observer agreement of RR measurements in children as encountered in day-to-day clinical practice in the UK. We have shown from 507 RR recordings that there is poor agreement between measurements when taken by a HCP in usual clinical practice, compared with researchers using the recommended WHO method within 30 min. Median RR showed a 4 bpm difference with median measurement from the HCP being 32 bpm and median for the researchers being 28 bpm. This could be explained by measurements often being taken over a duration of 15 s in clinical practice and being multiplied by four, resulting in an overestimate of 4 bpm due to observers invariably rounding values up rather than down. There was, however, a wide variability in agreement with 95% limits of agreement indicating that measurements in clinical practice may have varied from 11 beats below to 18 beats above the standardised WHO method. There was better agreement between the two researchers taking simultaneous measurements, but even then there was a difference of up to 14 bpm. In children with a RR >95th centile for their age, there was an even poorer level of agreement seen than in children whose RR was within normal range, and in only 33% of children did all three observers agree on the presence of a raised RR. The available studies to date assessing the inter-observer agreement of RR report a wide range of inter-observer variability in both children and adults. 13 18-23 This may reflect the heterogeneity of the studies, with many assessing the variability in RR measurements as part of a wider clinical score. Some studies only looked at small convenience samples and some looked at very narrow age ranges or specific clinical conditions only. Variation in assessments may also exist due to changes in the clinical status of the patient between measurements, which many of the studies do not account for, comparing measurements taken up to 6 or even 8 hours later. 19 22 Most studies in children report good agreement on the presence of tachypnoea. 19 22 23 We have attempted to produce a study that could address these issues and bring a more conclusive answer.
Many previous studies analyse and present their data by assessing the correlation between different measurements. However, there are no such studies in children reporting the agreement in RR measurements. One study in adults reported the limits of agreement in RR measurements for the same observer as being −4.86 to 4.94 breaths/min and −5.7 to 5.7 breaths/min for different observers. 13 We report much wider limits of agreement in children. This may be due to the nature of measuring a RR in a child, where the measurement often involves the observation of complex respiratory patterns in uncooperative subjects.
Overall the first measurement appeared to overestimate the RR, reflected by the mean measurements from each observer. This was likely to be due to the method of measurement used. In only 7% of measurements by the HCP was a 60 s RR count used. It is widely known this leads to inaccurate measurements. 10 24 RR1 was often a nurse and, to save time, nursing staff will often observe a RR for 15 s and multiply the result by four to get a value of breaths per minute. This would inevitably lead to an error of up to four breaths per minute as the observer would naturally round up rather than down. The agreement between the first and second, and first and third measurements was poorer than that of the simultaneousness measurements. This may be explained partly by the fact that RR1 was measured by multiple different HCPs whereas the second RR (RR2 and RR3) was consistently measured by the same observers. Although this may lead to a degree of variability between measurements it in fact enabled the RR1 measurement to represent current clinical practice where multiple HCPs will take a child's RR and as such gives a true indication of the variability that exists. The difference in measurements between the count by the HCP and a WHO standard count could have been anything from 11 breaths less to 18 breaths more per minute. This is potentially a significant level of variation in the context of clinical practice and it may have had clear implications on the sickness score given to the child and also on their subsequent clinical management.
A limitation of our study is that all three measurements were not recorded simultaneously. This would have been Open Access Figure 3 Bland-Altman plots assessing pairwise agreement for measurements for children whose RR was >95th centile (A) and those whose RR was within normal range (B).
possible, but we opted to delay the researchers' observations until the HCP measurement had taken place so that actual clinical practice could be recorded. If the HCP had been aware of the researchers taking the RR simultaneously with them, this could have altered their method of measurement and would not have truly reflected their actual practice, leading to a bias in our results.
Open Access
Importantly, there was no statistical change seen in agreement when comparing readings closer in time with readings over a longer time interval. The maximum time limit between the first and second/third measurements was 30 min. The child's RR may have changed in this time, depending on the child's activity and underlying illness, this could potentially produce a variation in measurements. However, this upper time limit between measurements remains less than or equal to previous studies. 19 22 Also changes in the activity status of the child between measurements did not affect agreement and therefore we do not believe that the time difference significantly affected our results.
We also showed that the agreement between simultaneous measurements using the WHO-recommended method of measurement could have been anything from seven breaths less to seven breaths more per minute. Previous studies have reported high correlation between measurements taken over 1 min, 10 23 but they have not explored the agreement. These limits of agreement are significantly better than that between the first and second, and first and third measurements. This once again reiterates the importance of using the correct method of measurement. However, RR remains a somewhat subjective measure and this level of agreement may still hold significance within clinical practice.
An important finding from this study was that in the 81 children identified as having a RR that was >95th centile by one or more of the observers in only 33% of these did all three observers agree. Despite an overall higher median reading (32 bpm vs 28 bpm), in 28% (15 children) the HCP (RR1) would not have classified the child as having a raised RR, whereas one or both of the other observers would have done. In children with faster RRs there were poorer levels of agreement seen than in children whose RR was within the normal range. For simultaneous measurements, there was no significant difference observed. This difference may again have reflected the fact that all three measurements were not taken simultaneously, or may have reflected the differences in measurement methods. However, the differences are concerning for clinical practice. Tachypnoea is a key criterion used in assessing the unwell child and is important in low/ middle-income countries where guidelines for conditions such as pneumonia rely on tachypnoea in its diagnostic criteria. It is, therefore, clinically important that tachypnoea is recognised and can be accurately identified with a single RR measurement.
The results from our study bring into question our reliance on the accuracy of a RR measurement, as it is currently measured in clinical practice. In the light of recent recommendations suggesting new reference ranges for RR 17 we must remember that these data come from measurements obtained by HCPs in clinical practice performing an observed count. Even if many of these measurements were performed using the WHO-recommended method there is still a degree of variation that may exist. A robust assessment of the impact that this variation may have on clinical assessment and management of children along with a re-emphasis on recommendations for improvement of its measurement are needed. A review of education tools and measurement techniques, including introduction of objective technological solutions is required. cOnclusIOn RR measurements in children vary significantly between different observers. This is likely to have clear consequences in clinical practice and needs further evaluation. Variability in measurements is even greater in children with high RR (>95th centile), potentially impacting on the recognition and identification of tachypnoea. The variability seen between HCPs in clinical practice and observers under research conditions highlights that the inaccurate methods that are being employed at the frontline of clinical care are affecting the reliability of an important vital sign that is relied on to make critical clinical decisions. For such an important vital sign there clearly needs to be a minimum degree of reproducibility. Paediatric HCPs will benefit from further education on their technique, with a particular emphasis being placed on performing a measurement over 60 s. Even researchers using the recommended criteria achieved suboptimal agreement and the introduction of more objective measures including using medical devices to measure RR needs to be considered. These findings highlight the need for a robust review of the clinical impact of inconsistencies in measurements, as well as our current reliance and interpretation of such an important vital sign.
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